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Abstract 

Antisocial Personality Disorder (APD) is a personality disorder that is most comnnonly associated with the legal and criminal 
justice systems. The study of the brain in APD has important implications in legal contexts and in helping ensure social 
stability. However, the neural contribution to the high prevalence of APD is still unclear. In this study, we used resting-state 
functional magnetic resonance imaging (fMRI) to investigate the underlying neural mechanisms of APD. Thirty-two healthy 
individuals and thirty-five patients with APD were recruited. The amplitude of low-frequency fluctuations (ALFF) was 
analyzed for the whole brain of all subjects. Our results showed that APD patients had a significant reduction in the ALFF in 
the right orbitofrontal cortex, the left temporal pole, the right inferior temporal gyrus, and the left cerebellum posterior lobe 
compared to normal controls. We observed that the right orbitofrontal cortex had a negative correlation between ALFF 
values and MMPI psychopathic deviate scores. Alterations in ALFF in these specific brain regions suggest that APD patients 
may be associated with abnormal activities in the fronto-temporal network. We propose that our results may contribute in a 
clinical and forensic context to a better understanding of APD. 
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Introduction 

According to the Diagnostic and Statistical Manual Fourth 
Edition-Text Revision (DSM-IV-TR; American Psychiatric Asso- 
ciation, 2000), the main symptoms of APD include deceitfulness, 
irresponsibility, disregard for rules, lack of remorse and impulsiv- 
ity. Granted, repeat violent criminal behavior is a defining feature 
of APD. Based on a large-scale meta-analytic review of mental 
health in worldwide prison systems, Fazel and Danesh reported 
that 47% of male prisoners were diagnosed with APD, providing 
support for a close link between APD and criminal behavior [1]. 
In Finland, for example, men with APD are responsible for 
approximately 60 to 80% of the most serious violent offenses [2]. 
To date, the diagnosis of APD has been based entirely on 
antisocial behaviors (e.g., violation of social norms, irresponsibility, 
and criminality); whereas functional brain abnormalities are not 
well understood, understanding the pathophysiology of APD is 
clearly an international imperative. This close connection between 
APD and crime has urged researchers to employ brain imaging 
techniques to study individuals with APD. The hope is that a 
better understanding of the neurobiological basis of antisocial 
aggressive behavior can facilitate the development of a new 
generation of biosocial treatment and prevention programs to 



address a disorder with high societal costs, which has important 
implications in legal contexts and in helping to keep social stability. 

Neuroimaging studies of individuals with APD have provided 
evidence of abnormalities in structure and function relative to 
control populations, with key impairments commonly found in the 
prefrontal and temporal cortices. For example, reduced prefrontal 
grey matter volume [3], reduced volume in temporal regions [4] 
and cortical thinning of the medial frontal lobe [5] had been found 
in antisocial adults. In addition, some studies examined the 
functional abnormalities in antisocial individuals using challenge 
tasks. Schneider and colleagues found an increase in activation in 
the dorsolateral prefrontal cortex and the amygdala during the 
acquisition phase of aversive conditioning in individuals with APD 
[6]. Using a working memory task, activation deficits in the left 
frontal gyrus and anterior cingulate cortex were found in violent 
APD patients compared with normal controls [7] . Using a visual/ 
verbal working memory task, Raine et al. (2001) reported 
significant reduced activation in the right hemisphere, particularly 
in the temporal cortex, in the antisocial group compared to 
controls. As related constructs, psychopathy, which is generally 
considered a more severe syndrome of antisociality than APD, has 
much overlap in traits with APD [8] . Individuals with psychopathy 
have shown similar structural and functional prefrontal and 
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temporal abnormalities to APD. A study by Kiehl and colleagues 
showed that criminal psychopaths failed to show the appropriate 
right anterior temporal activation when differentiating abstract 
from concrete words compared with healthy controls [9]. 

Recentiy, resting-state £MRI has been widely used in the 
investigation of brain functioning under normal and pathological 
conditions based on several advantages, including its high- 
resolution, no radiation use, and easy application [10]. Compared 
with traditional, task-related flVIRI, the resting-state fMRI can be 
performed in any individual and is especially fit for individuals 
who are unable to cooperate with functional tasks [11]. To date, 
few resting-state fMRI studies have examined whether APD 
patients have an abnormal activities. 

ALFF is considered a measure of resting-state local brain 
activity, which is similar to resting-state CBF and the glucose 
metabolic rate in PET studies. This h)'pothesis is supported by at 
least several pieces of evidence [12]. As a measure of the 
magnitude of the spontaneous BOLD signal, ALFF has been 
suggested to be associated with local neuronal activity, compared 
with degree of synchronization between activities in different 
regions measured by functional connectivity. ALFF has been 
widely used to study the "baseline" activity of a wide spectrum of 
psychological states and mental diseases, including aging, schizo- 
phrenia, and attention deficit hyperactivity disorder. Distributed 
differences in ALFF have been associated with different pathol- 
ogies and mental states [13]. 

In our study, we utilized ALFF to investigate the alterations in 
resting state brain activities in APD patients compared to controls. 
These abnormalities may be a trait marker and could be helpful 
for the future diagnosis of APD patients. Based on previous studies, 
we hypothesized that an abnormal ALFF would exist in certain 
areas of the prefrontal-temporal network in APD patients contrast 
to controls. 

Materials and Methods 

Ethics Statement 

All subjects in this study were of legal age to give consent (age 18 
years old) to participate in the experiment, but they were under the 
legal age when they entered the School for Youth Offenders of 
Hunan Province. Written informed consent was obtained from all 
subjects after they were given a detailed description of the study; 
see Text SI for details. This study was approved by the Ethical 
Committee of the Third Xiangya Hospital of Central South 
University and the School for Youth Offenders of Hunan 
Province. 

Participants 

The subjects included in this study were the same as those 
included in our previous study [14], which included 32 APD 
individuals who met the APD criteria of the PDQ;4+ and DSM- 
IV and 35 controls without APD who were matched to the APD 
subjects in age and education. Volunteers were first tested using 
the Personality Diagnostic Questionaire-4-l- (PDQ;4-h), those had 
APD scores equal to or above 4 were further screened by the 
clinician-rated Personality Disorders Interview-IV (PDI-IV) [15], 
which is a semi-structured interview that yields a rating for each of 
the DSM-IV personality disorders, and those who met the APD 
criteria were diagnosed as APD. All of those tests were conducted 
by two senior psychiatrists. AU subjects had been sentenced to 
reformatory education at this school for three years, and were 
native Chinese speakers. The participants had no access to alcohol 
and illicit drugs for at least six months prior to the brain scan. The 
subjects were strongly right-handed, as judged by the Lateral 



Dominance Test, and had normal or corrected-to-normal vision. 
No subjects from either group had a history of head trauma, 
chronic cardiac, hepatic, kidney or nervous system disease 
diagnosis, long-term drug dependency or metal implantation in 
vivo. After diagnosis by two senior psychiatrists, none of the 
subjects had a history or current diagnosis of serious mental 
disorders, e.g., depression, anxiety neurosis or schizophrenia. 
Individuals who did not cooperate during inspection were 
excluded. To further investigate their mental disorder situation 
and gauge psychopathy, the subjects completed handwritten 
\Trsi()ns of the MMPI-2 (Minnesota Multiphasic Personality 
Inventory) questionnaires. Specifically, MMPI-2 's Pd (psychopath- 
ic deviate) subscale had yield promising results in the assessment of 
psychopathy [16]. 

All MR images were acquired in the Third Xiangya Hospital of 
Central South University. Each subject lay supinely, with the head 
snugly fixed by belt and foam pads to reduce the effects of head 
movement. In the experiments, the subjects were instructed simply 
to keep their eyes closed, relax, remain awake and perform no 
specific cognitive exercise. After each session, the subjects were 
asked whether they were awake in the pr(:\'ious session, and all of 
the subjects confirmed that they were awake. Magnetic resonance 
imaging scans were performed using a 1.5T Siemens Trio scanner 
using a gradient-echo EPI sequence. The imaging parameters are 
as follows: TR = 2000 ms, TE = 50 ms, FOV=24 cm, FA = 90°, 
matrix = 64 x64, slicx; thickness/ gap = 5/1.2 mm, slices = 23. Each 
functional resting-state session lasted 5 min, and 1 50 volumes were 
obtained. 

Data Processing 

In each subject, the first 5 volumes of the scanned data were 
discarded for magnetic saturation effects. The remaining 145 
volumes were first preprocessed using SPM8. All subjects in this 
study had less than 1 mm translation along the x, y, or z-axis and 
1° of rotation in each axis. After the head motion effect was 
removed, the volumes were normalized to the standard EPI 
template in the Montreal Neurological Institute (MNI) space. 
Smoothing and filtering were performed using a Gaussian filter at 
8 mm full-width half-maximum kernel and a band-pass filter 
(0.01-0.08 Hz) respectively. Finally, the nuisance covariates, 
including head motion parameters, global mean signals, white 
matter signals and cerebrospinal fluid signals, were regressed from 
the images. 

The ALFF analysis was then performed using the REST 
software. The ALFF calculation procedure was performed as 
follows: 1) Fast Fourier Transform (FFT) was used to convert all 
voxels from the time domain to the frequency domain; 2) the 
ALFF of every voxel was calculated by averaging the square root 
of the power spectrum across 0.01 Hz to 0.08 Hz; and 3) the 
resulting ALFF was converted into z-scores by subtracting the 
mean and dividing by the global standard deviation for 
standardization purposes [10]. A two-sample t-test was performed 
to explore the ALFF diflFerences between APD patients and 
normal controls. The between-group statistical threshold was set at 
p<0.05 (FDR corrected) and cluster size>405 mm3 (15 voxels). 

To explore whether the ALFF values of the brain regions that 
were significantiy different between APD patients and controls 
could predict MMPI Pd subscale scores, we performed a 
correlation analysis. Partial correlations between the mean ALFF 
values and the MMPI Pd subscale scores were calculated with 
other subscale scores and demographics scores (age, IQ_ scores and 
years of education) and removed as confounding factors. The 
mean ALFF values were extracted from each cluster of voxels that 
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showed the most significant differences between APD patients and 
normal controls. 

Results 

As shown in table 1, there were no significant differences in 
demographics scores between two groups. On the ten MMPI 
subscales, APD patients were significantly higher than normal 
controls on the Hs (hypochondriasis), Pd (psychopathic deviate), 
Pa (paranoia), Pt (psychasthenia), Sc (schizophrenia) and Ma 
(mania) subscales, but they were significantly lower scores on the 
Hy (hysteria) subscale. 

As shown in table 2 and figure 1, when compared to normal 
controls, APD patients exhibited decreased ALFF mostiy in the 
frontal cortex (including the right orbitofroiital cortex, which 
extended to the right ventrolateral prefrontal cortex, the insula 
and the anterior superior temporal cortex) and the temporal cortex 
(the middle and superior part of the left temporal pole; the anterior 
part of the right inferior temporal gyrus). In addition, the left 
cerebellum posterior lobe showed decreased ALFF. No region 
showed significant ALFF increases in the APD group. 

To explore whether the significantly different ALFF values in 
the brain regions of APD patients and controls could predict APD 
patients' psychopathic deviate scores, we correlated the MMPI Pd 
subscale scores and ALFF values of each cluster. We discovered 
that the right orbitofrontal cortex had a negative correlation 
between ALFF values and Pd scores (r= —0.5630, p = 0.0017). 

Discussion 

The present fMRI study aimed to investigate the alterations in 
resting-state brain activities in APD patients; we foimd a significant 
fronto-temporal hypoactivity in APD patients when compared to 
normal controls. 

The anterior temporal poles have rich connections to the 
amygdala, the basal forebrain, and prefrontal regions and are 
located near secondary auditory cortices and the termination of 
the ventral visual pathway. One prominent hypothesis of anterior 
temporal pole function, known as the Semantic Hub Account 
proposes that the anterior temporal poles serve as a hub and link 



sensory specific and semantic associations located throughout the 
brain [17]. 

In addition, new data showed that portions of the anterior 
temporal lobe play a critical role in representing and retrieving 
social knowledge. This knowledge includes memory about people, 
their names and biographies and more abstract forms of social 
memory such as memory for traits and social concepts [18]. In a 
study using a task that measures the meaning relatedness of social 
concepts, the results demonstrated that the superior anterior 
temporal cortex plays a key role in social cognition by providing 
abstract conceptual knowledge of social behaviors [19]. Another 
study confirmed the role of the anterior temporal poles in social 
semantic processing [20]. The same superior anterior temporal 
pole regions that represent abstract social concepts are recruited 
during the emotional judgment of social values and are stable 
across different contexts of moral sentiments [21]. Result Fronto 
Temporal Lobar Degeneration (FTLD) analyses revealed the right 
superior anterior temporal pole as associated with selective 
impairments of social concepts. These results corroborate the 
hypothesis that the right anterior temporal pole is necessary for 
representing conceptual social knowledge [22]. A perspective that 
may explain the involving of anterior temporal pole in social 
semantic processing state: 'a general function of the temporal pole 
is to couple emotional responses to highly processed sensory 
stimuli. The mnemonic functions of this region allow for storage of 
perception-emotion linkages, forming the basis of personal 
semantic memory' [23]. 

To date, studies have found structural and functional diflFerences 
in the orbitofrontal cortex in antisocial individuals; these findings 
have been implicated as risk factors for antisocial personality 
disorder. A study by Adrian Raine et al. found that APD males 
showed an 8.7% reduction in orbitofrontal gray volume compared 
to male controls; reduced orbitofrontal volumes were sigiiificaiidy 
associated with increased APD symptoms and criminal offending 
in both males and females, indicating robustness of antisocial 
neuroanatomical relationships [24]. A meta-analysis of brain- 
imaging findings related to antisocial behavior that evaluated the 
relationship between prefrontal impairments and antisocial/ 
violent/psychopathic behavior demonstrated that increased anti- 
social behavior was particularly associated with structural and 



Table 1. Dennographics and MMPI scores of APD patients and normal controls. 









APD patients 
(Mean±SD) 


normal control 
(Mean±SD) 


P 


Demographics 


Age 


20.5 ±1.37 


21.67±2.54 






Years of education 


8.15±1.54 


9.73±0.82 






IQ 


106.66 ±12.90 


106.84±16.6 




MMPI 


Hs: hypochondriasis 


68.99±9.52 


59.36±10.31 


0.0018 




D: depression 


50.64± 11.05 


55.34±8.99 






Hy: hysteria 


51.73±8.73 


57.57± 10.78 


0.044 




Pd: psychopathic deviate 


72.92±9.11 


58.1 8± 10.01 


3.526-06 




Mf: masculinity-femininity 


49.30±9.35 


44.87±9.64 






Pa: paranoia 


66.07 ±12.34 


57.97± 13.48 


0.037 




Pt: psychasthenia 


74.83 ±6.59 


58.91 ±13.45 


1.81e-06 




Sc: schizophrenia 


75 .64 ±8.40 


57.08± 12.40 


1.51e-07 




Ma: mania 


67.1 7 ±8.85 


51.30±10.82 


1.31e-06 




Si: social introversion 


49.82±8.74 


50.36±9.35 





p with value '-indicates no significant difference between groups (p>0.05). 
doi:l 0.1 371/journal.pone.0089790.t001 
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Table 2. Brain regions exhibiting an altered ALFF between 
APD patients and normal controls. 





Brain region 


Cluster size 


MNI 

coordinate 


T value 


X y z 


APD patients<normal controls 


Right inferior temporal gyrus 


31 


51 -12 -39 


-4.5212 


Left temporal pole 


28 


-24 3 -30 


-5.0663 


Right orbitofrontal cortex 


175 


33 33 -21 


-6.3501 


Left cerebellum posterior lobe 


36 


-30 -63 -33 


-5.2567 



doi:l 0.1 371/journal.pone.C089790.t002 



functional reductions in the right orbitofrontal cortex [25]. 
Recently, our group used an exploratory data-driven classifier 
based on machine learning to investigate changes in functional 
connectivity in the brains of patients with APD using resting state 
functional magnetic resonance imaging, connectivities with the 
orbital part of right inferior frontal gyrus showed high discrim- 
inative power [14]. 

Another line of evidence linking orbitofrontal cortex dysfunction 
to antisocial personality disorder comes from numerous lesion 
studies, the parallels between the effects of orbitofrontal cortex 
lesions on social behavior and the symptoms of antisocial disorders 
are striking [26], this was confirmed by many studies. Tranel et al. 
showed that patients with unilateral lesions to the right orbito- 
frontal cortex were impaired in social conduct, decision-making, 
emotional processing, and personality [27]. Individuals with 
orbitofrontal cortex lesions are typically described as disinhibited, 
socially inappropriate, misinterpreting others' moods, impulsive, 
unconcerned with the consequences of their actions, irresponsible 
in everyday life, underestimating the seriousness of their condition 
(lack of insight), and showing a poor sense of initiative [26,28] . 

The orbitofrontal cortex functions to any guide behavior that is 
based on the value of an expected reward or punishment, which 
thereby effects the decision made [29]. From this perspective, the 
results suggested that cocaine-induced changes in orbitofrontal 
cortex cause long-lasting impairments to the ability of orbitofrontal 
cortex to support outcome-guided decision-making and learning 
that results from comparing expected outcome to actual outcomes. 
During the Iowa Gambling Task (a decision-making task), cocaine 
abusers showed greater activation in the right orbitofrontal cortex, 
which may reflect that the potential for gain and reward trigger 
much stronger representations of reward-related thoughts in the 
orbitofrontal cortex in cocaine abusers [30] . Evidence also suggests 
that choosing high-risk over low-risk decisions was associated with 
increased activity orbitofrontal cortices, suggesting that the 
orbitofrontal cortex is preferentially involved in risky decision- 
making [31]. 



The Orbitofrontal cortex is also involved in emotion processes 
that guide social conduct. Incorrect orbitofrontal functioning 
determines the inability to generate or experience specific 
emotions that have a fundamental role in regulating individual 
and social behavior. According to the somatic marker hypothesis, 
individuals make judgments primarily in terms of their emotional 
quality. Interfering with the normal processing of somatic or 
emotional signals leads to pathological impairments in the 
decision-making process which seriously compromise the efficiency 
of everyday-life decisions [32]. By manipulating a simple gambling 
task, patients with orbitofrontal cortical lesions did not report 
regret or anticipate the negative consequences of their choices 
[33]. In an autobiographical memory paradigm comparing guilt 
shame and sadness, guUt episodes specifically recruited a region of 
right lateral orbitofrontal cortex, which was also highly correlated 
with trait guilt [34] . Anger has also previously been suggested to be 
specifically associated with the lateral orbitofrontal cortex [35]. 
The activation of a distinct system by angry expressions or 
expectations of another's anger results in the modulation of the 
current behavioral response in the individual engaging in the 
inappropriate behavior [36]. Furthermore, anger and aggression 
are often closely tied [37]. Damage to the orbitofrontal cortex 
impairs self-monitoring, leading to the conclusion that the 
orbitofrontal cortex is best conceptualized as an area important 
for self-monitoring processes that underlie the generation of 
emotions useful for guiding behavior [38] . A similar phenomenon 
was observed when the processing of transgressions of social norms 
involved systems previously found to respond to aversive 
emotional expressions (in particular angry expressions); namely, 
the lateral orbitofrontal cortex (Brodmann area 47) and the medial 
prefrontal cortex [36]. 

There are several reports of temporal and frontal lobe 
neuropathology co-occurring in aggression-prone individuals. 
Neuropathology occurring in both areas may increase the risk of 
angry aggression over that associated with neuropathology in 
either area alone [37]. The degeneration of the frontal and 
temporal lobes predisposes to a patient antisocial behavior, as 
supported by a relationship between frontal-temporal dysfunction 
and certain types of antisocial activities [39]. One study re- 
examined offenders convicted of lethal or near-lethal violence, the 
initially observed frontotemporal hypoactivity remained virtually 
unchanged at follow-up, suggesting that the frontotemporal brain 
hypoactivity is a trait, rather than a state in perpetrators of severe 
violent crimes [40]. Co-occurring temporal and frontal lobe 
neuropathology co-occurring has also been reported in psychop- 
athy. Grey matter reductions were observed in the frontal 
(frontopolar, orbitofrontal, and insula) and temporal (anterior 
temporal cortices, superior temporal sulcus region) lobes of the 
psychopaths [41]. MiiUer J.L. et al. found significant gray matter 
reductions in the frontal and temporal brain regions in psycho- 
paths compared with controls, especially a highly significant 
volume loss in the right superior temporal gyrus [42]. Further 
more, an impaired emotion-cognition interaction in psychopaths 




Figure 1. Statistical parametric map showing significant differences in the ALFF between APD patients and normal controls. The 

threshold for display was set to p< = 0.05 (FDR corrected), cluster size> = 405 mm^ (15 voxels). The regions with color represent decreased ALFF in 
APD patients. 

doi:1 0.1 371 /journal.pone.0089790.g001 
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that correlated with changed prefrontal and temporal brain 
activation [43]. 

The anterior temporal pole is closely interconnected with 
cortical nuclei of the amygdala and the orbitofrontal cortex via the 
uncinate fasciculus. Ingrid R. Olson proposed that this pattern of 
connerti\ ity underlies the function of the anterior temporal pole in 
encoding and storing emotionally tagged knowledge that is used to 
guide orbitofrontal-based decision processes [18]. An indirect 
evidence supporting for the orbitofrontal role in this propose came 
form orbitofrontal damage studies: adult patients with acquired 
sociopathy due to orbitofrontal damage lia\c intact knowledge of 
social rules and norms, though they are unable (or unwilling) to use 
this knowledge to guide decision making [18,32,38,44]. The 
functional and anatomic features of uncinate fasciculus also 
support this suggestion. The uncinate fasciculus is a long-range 
white matter association fiber tract that connects the orbitofrontal 
cortex to the anterior temporal lobes through a direct, bidirec- 
tional monosynaptic pathway. When using in vivo diffusion tensor 
magnetic resonance imaging tractography to analyse the micro- 
structural integrity of the uncinate fasciculus in psychopaths. MC 
Craig reported a significant reduction in fractional anisotropy in 
the uncinate fasciculus of psychopaths. Within psychopaths, a 
correlation between measures of antisocial behavior and anatom- 
ical differences in the uncinate fasciculus was also found [45]. 
Frederick Sundram et al. found that the APD group had 
significandy reduced fractional anisotropy and significandy 
increased mean diffusivity compared with control subjects in the 
right uncinate fasciculus [8]. S. Sarkar ct al. showed that 
adolescents with conduct disorder had significant differences in 
the 'connectivity' and maturation of uncinate fasciculus [46] . 

Michael Potegal proposed a similar model, but it focused on the 
temporal and frontal lobes' roles in the initiation and regulation of 
the top-down escalation of anger and aggression [37]. This model 
suggested that rudimentary appraisals of threat and provocation 
developed at the anterior temporal loc. At the same time, this 
modality-specific perceptual information is transmitted to the 
orbitofrontal cortex; these frontal areas then impose an inhibitory 
gating or modulation and focusing of activity initiated by the 
anterior temporal loci. In this model, the role of the orbitofrontal 
cortex emphasizes not only the integration and evaluation of 
information but also self monitoring and control. 

Roland Zahn provided additional evidence for the temporal 
and frontal lobe co-occurring. The results demonstrated that social 
values emerge from the co-activation of stable abstract social 
conceptual representations in the superior anterior temporal lobe 
and context-dependent different feeling contexts encoded in the 
fronto-mesolimbic regions. Specifically, superior anterior temporal 
lobe activity increased with conceptual detail in all conditions; 
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indignation/anger activated lateral orbitofrontal-insular cortices 
[21,47]. 

Finally, our study found right orbitofrontal cortex showed 
negative correlation between ALFF values and Pd scores. The 
correlation between Pd scale and psychopathy appears restricted 
to traits and characteristics associated with the social deviance 
facet rather than the interpersonal/ affective facet [48]. We used 
only the MMPI scores in this study. It is possible that the ALFF in 
other regions is relates to some specific psychopathy subscales, and 
the relationships between psychopathy scores and ALFF changes 
may be found. In our future studies, more specific psychopathy 
score will be included. 

Similarly, anatomical difference in the uncinate fasciculus in 
psychopaths negatively correlated with the 'antisocial behavior' 
(factor 2) facet of psychopathy [8,45]. However, de Oliveira-Souza 
R et al. had found the degree of structural abnormalities in the 
frontal and temporal cortices were significantly related to the 
interpersonal/ affective dimension of psychopathy [41], and 
frontopolar and anterior temporal lobe grey matter volume loss 
were reproduced as a distinctive features of individuals with 
psychopathy compared to individuals with antisocial personality 
disorder, but no psychopathy [49] . Future work is required to get a 
consistent result. 

Conclusion 

In summary, our study used ALFF to examine the alterations in 
the resting state between APD patients and normal controls. We 
found that APD subjects have altered resting-state brain activity in 
broadly distributed brain areas that are involved in the fronto- 
temporal network. Combining these results with those of other 
studies, we propose that our results may contribute in a clinical 
and forensic context to a better understanding of antisocial 
personality disorder. 
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